Listeria species and L. monocytogenes were found in 81 and 62%, respectively, of fresh or low-salinity waters (37 samples) in tributaries draining into Humboldt-Arcata Bay, Calif., during a winter (January-February) sampling period. The incidence of Listeria species and L. monocytogenes in sediment (46 samples) from the same sites where water was sampled was 30.4 and 17.4%, respectively. One of three bay water samples contained Listeria species (including L. monocytogenes), while of 35 samples of oysters examined, only 1 was found positive for Listeria species (L. innocua). A given species or L. monocytogenes serogroup appeared to predominate in fresh water when domesticated animals (cows, horses) were nearby, whereas greater variety with no species predominance was observed in areas with no direct animal influence.
Listeria monocytogenes has been implicated in recent foodborne outbreaks (7, (14) (15) (16) 20) which have focused attention on this organism and its modes of introduction into foods. A variety of animals including domestic farm animals can carry Listeria species in both infectious and latent states and are therefore considered potential vectors of this organism (3, 6, 8, 9, 12) . It has been suggested (24, 26) that Listeria species are saprophytic and capable of surviving for long periods in a plant-soil environment. This factor may also play a role in transmission of this organism to foods.
Listeria species are present in aqueous environments such as river waters and sewage sludge (22) and most recently have been recovered from a variety of seafood products (23) . Although L. monocytogenes can tolerate salt (4, 21) , it is not known whether it can reach marine waters via freshwater tributaries or whether it is capable of prolonged survival in marine environments. Therefore, whether its presence in seafoods is due to environmental or postprocessing contamination or a combination of these and other factors is presently unknown.
This study was conducted to determine the incidence of Listeria species in freshwater tributaries draining into Humboldt-Arcata Bay, Calif. This estuary supports an active molluscan shellfishery and is impacted by humans and domesticated and wild animals.
MATERIALS AND METHODS
Samples and sites. Sediment, freshwater, saltwater, and oyster samples were collected over 13 consecutive days during January-February 1988. Specific sites sampled included those along various tributaries and portions of Arcata Bay (Fig. 1) . Fresh water was sampled at sites 1 to 9, sediment samples were collected from sites 1 to 5 and 8, saltwater sampling locations were at sites 10 to 12, and oysters were from sites 13 to 17. Water and sediment samples were maintained at ambient temperature; oysters were kept on ice after sampling. All samples were analyzed within 6 h of collection by using an on-site mobile microbiological laboratory. At each sampling, water temperature was taken with a mercury thermometer and salinity was measured with either a salinometer (Beckman Instruments, Inc., Fullerton, Calif.) or a refractometer (Atago Co. Ltd., * Corresponding author.
Tokyo, Japan). The visual observation of domesticated farm animals near the sampling site was noted. In each case in which the animals were present, they were within 200 m of the sampling site.
Sample collection. (i) Water. Water was sampled by three methods as follows. (A) Surface water samples were collected with sterile 4-liter screw-cap plastic bottles (Nalgene Labware Div., Nalge/Sybron Corp., Rochester, N.Y.) (sites 1 to 5 and 8, Fig. 1 (ii) Sediment. Sediments in plastic bags were mixed, and 25 g from each bag was added to 225 ml of NB.
(iii) Oysters. Oysters were scrubbed, rinsed with tap water, shucked, and blended for 90 s (1) . Portions (25 g) of "10~~~~~~~~~~~o ysterhomogenate were added to 225 ml of listeria enrich--'0S;;f M streaked onto modifiedment broth (17) and to NB. Enrichment and isolation procedures. The NB was incubated at 40C (9, 22, 24) and after 7 and 28 days, 1 (Fig. 1) . L. welshimeri was the only Listeria species isolated and was detected in 3 of the 15 samples (20%).
Despite the lower overall incidence of Listeria species in sediment compared with fresh water, the rate was similar to the 20.9% incidence of Listeria species recovered by Weis and Seeliger (24) These data indicate that the incidence of Listeria species remains high throughout the freshwater tributaries entering Humboldt-Arcata Bay. A given species or serogroup predominated in fresh water when domesticated animals were in close proximity to the sample site. For example, L. monocytogenes (4b:6) was predominant in water at Elk River (site 4). At site 3, L. monocytogenes serotypes la:1 and 4b:6 were predominant (cows were observed at both sites 3 and 4). L. monocytogenes (4b:6) was the main species isolated from waters of Ryan Slough, (site 5) (Table 1) , where horses were observed. Both horses and cows can be sources of Listeria species (3, 8, 9, 12) . The variety of Listeria species isolated from water appeared to be greater and no one particular species or serogroup predominated at sites without observable direct domesticated animal and/or human influence. This was illustrated at the Elk River (site 1) and McDaniel Slough (site 8) (Table 1) , sites impacted by runoff from the urban area of Arcata, Calif. Direct animal influence was not observed at either site.
Slight variations in salinity due to tidal action did not appear to affect the distribution of Listeria species in this water system. Tidal influence was greatest for Elk River (site 1) (5 to 17%o salinity); four Listeria species were recovered from 87% of samples from this location ( Table 1) . This is similar to data obtained at a site of negligible salinity (McDaniel Slough, site 8) where 90% of water samples were positive for Listeria species (five species isolated).
These data indicate that there was a consistent input of Listeria species from these freshwater tributaries draining into Humboldt-Arcata Bay. Listeria species could also be introduced to the bay via other sources. For example, L. monocytogenes (4b:6) and L. innocua were isolated from a water sample from an urban drain in Eureka, Calif., which emptied directly into Humboldt Bay. In addition, the influence of a large local seagull population observed here and the presence of other marine birds can also be a consistent source of Listeria species to the marine environment (6) .
Bay water. Although Moore swabs suspended in situ were not effective for recovering Listeria species from fresh water, Listeria species were isolated from one (site 11) of three Moore swabs placed in situ in marine waters (sites 10 to 12). Listeria species recovered from this swab sample included L. monocytogenes la:1 and la:2, L. innocua, and L. welshimeri. The presence of Listeria species in marine water may indicate a recent contamination since a study (A. T. Fuad, S. D. Weagant, M. M. Wekell, and J. Liston, Abstr. Annu. Meet. Am. Soc. Microbiol. 1989, Q243, p. 370) has shown that L. monocytogenes levels decrease when low levels are inoculated into seawater. Effects of dilution by the large volumes of seawater in the marine environment may also result in lower levels of Listeria species in marine compared with fresh waters.
Oysters. L. innocua was isolated from 1 of 35 oyster samples analyzed from five different sites in Arcata Bay (Fig.  1) and was the only Listeria species found in oysters. This is the lowest incidence rate (2.8%) by sample type observed in this study (Fig. 2) . The ability of Listeria species to survive in marine waters, the degree to which Listeria species are diluted, and the pumping rate by oysters are all factors that could affect the uptake and retention of Listeria species by oysters.
All L. monocytogenes isolated in this study gave a positive reaction with the oligonucleotide probe for the hemolysin gene. No other Listeria species isolated in this study reacted with the probe.
Conclusion. Listeria species were consistently recovered over a 13-day sampling period during the winter from freshwater tributaries draining into Humboldt-Arcata Bay. These tributaries, which are impacted by domestic farm animals, can c -ntribute Listeria species to the Humboldt-Arcata Bay system. The incidence of Listeria species in sediments (30.4%) was much lower compared with the incidence in fresh water (81%). This difference could be due to 
